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Changes  in  the  national  political  environment  and  military  spending  alter  Air  Force 
budgets  and  force  major  command  senior  leadership  to  make  difficult  resource  allocation 
decisions.  It  is  imperative  that  these  decisions  be  made  in  a  manner  that  enables 
commands  to  perform  effectively  (optimally)  with  the  resources  that  remain. 

When  AFMC  is  faced  with  tough  manpower  allocation  decisions,  its  leaders  depend 
on  AFMC/XPM  (manpower  directorate)  resource  managers  to  assess  the  impacts  of 
various  manpower  allocation  strategies  and  make  insightful  recommendations.  This 
research  effort  is  aimed  at  providing  resource  managers  with  a  tool  to  use  in  comparing 
the  relative  values  of  different  resource  allocation  strategies,  thereby  developing  the 
insight  needed  to  assist  AFMC  senior  leadership  in  making  good  decisions. 

This  study  would  not  have  been  possible  without  the  dedication  of  Col  Jacob  Kessel 
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Abstract 


This  research  effort  develops  a  methodology  for  Air  Force  Materiel  Command 
(AFMC)  decision  makers  to  use  during  mandated  resource  allocation  exercises  for 
comparing  competing  manpower  allocation  strategies. 

A  value  model  is  used  to  represent  the  hierarchical  objectives  of  the  command,  with 
the  primary  objective  being  the  attainment  of  maximum  mission  effectiveness  in  the  face  of 
constrained  resources.  Value  model  decomposition  is  patterned  according  to  the 
command’s  organizational  structure.  Scoring  functions  derived  using  direct  assessment 
survey  techniques  capture  the  relationship  between  manpower  and  mission  effectiveness 
for  lowest  level  organizations.  An  additive  value  function  represents  the  model 
mathematically;  the  primary  objective  value  is  calculated  as  a  weighted  sum  of  objective 
values  at  all  model  levels  beneath  it. 

Results  compare  overall  values  obtained  with  several  of  AFMC’s  commonly  used 
allocation  strategies  to  values  obtained  with  existing  command  manpower  resources. 
Alternatives  offering  small  diminishment  (for  mandated  reductions),  or  great 
improvements  (for  mandated  increases),  from  current  value  are  the  best  candidates  for 
further  evaluation  by  decision  makers.  Model  sensitivity  to  weights  and  to  the  types  of 
scoring  functions  used  is  addressed. 
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A  METHODOLOGY  FOR  COMPARING  THE  VALUE  OF  COMPETING 


AFMC  MANPOWER  ALLOCATION  STRATEGIES 


1.  Introduction 


Background 

As  Air  Force  budget  dollars  fluctuate  due  to  changes  in  national  military  spending. 
Air  Force  major  commands  (MAJCOMS),  such  as  Air  Force  Materiel  Command  (AFMC), 
are  forced  to  reallocate  resources.  In  some  contexts,  explicit  directives  from  Air  Staff 
make  the  resource  reallocation  straightforward.  In  other  contexts,  particularly  in  the 
manpower  resource  arena,  this  is  not  the  case,  and  the  burden  of  decision  falls  directly  on 
MAJCOM  shoulders.  In  AFMC's  case,  the  organization  specifically  responsible  for 
making  manpower  allocation  recommendations  is  XPM,  the  manpower  resources 
directorate. 

The  selection  of  manpower  authorizations  to  adjust  is  a  difficult  decision  making 
process.  In  the  past,  AFMC/XPM  manpower  reallocation  exercises  have  been  tedious. 
Varying  constraints  and  guidelines  during  successive  exercises  made  the  search  for  a 
consistent,  defining  methodology  for  the  process  difficult.  Yet,  XPM  decision  makers 
have  identified  the  need  for  an  analysis  approach,  model,  or  tool  that  could  help 
AFMC/XPM  consider  manpower  resource  prioritization  in  an  integrated  framework  of 
economics,  politics  and  war-fighting  capability. 
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Several  basic  characteristics  of  manpower  allocation  exercises  make  the  decision 
process  an  arduous  one  and  provide  requirements  for  any  potential  solution 
methodologies.  They  are  as  follows: 

1.  As  is  natural  for  any  problem  that  alters  resource  levels,  trade-offs  must  be  made 
between  multiple  conflicting  objectives.  For  AFMC,  the  conflicting  factors  are  the 
command’s  many  different  organizations,  whose  effectiveness  in  performing  militarily 
valuable  missions  will  be  impacted  by  manpower  changes.  The  trade-off  decisions  that 
must  be  made  are  especially  tough  for  AFMC  since  effectiveness  is  difficult  to  compare 
across  diverse  functional  elements  and  programs. 

2.  The  involvement  in  the  decision  making  process  of  the  diverse  functional 
managers,  or  Mission  Element  Board  (MEB)  members,  who  feel  strong  ownership  for 
"their"  programs  and  manpower  authorizations  requires  a  methodology  for  iterative  group 
decision  making  that  gives  quick  answers  and  provides  insight  into  what  is  driving  end 
results. 

3.  One  of  the  most  difficult  aspects  of  the  prioritization  problem  is  that  any 
methodologies  provided  must  be  generic  in  application,  since  the  specific  problem 
parameters  change  from  one  exercise  to  the  next.  In  other  words,  each  time  an  allocation 
exercise  takes  place,  there  are  different  guidelines  and  constraints  that  govern  what 
manpower  changes  can  be  made,  and  successful  implementation  of  a  solution  technique  in 
one  instance  does  not  imply  success  for  future  applications  under  different  circumstances. 
Methodologies  must  be  robust  enough  to  incorporate  different  constraints  for  different 
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situations,  but  must  be  simple  enough  that  decision  makers  can  easily  understand  them  and 
use  them  to  model  particular  situations. 

Problem  Statement 

AFMC/XPM  resource  managers  have  limited  methodologies  for  assessing  the 
impacts  of  competing  manpower  allocation  alternatives  on  overall  AFMC  mission 
accomplishment  Without  such  information,  they  are  often  forced  to  recommend  equal 
percentage  changes  across  organizations. 

Research  Objective 

It  is  the  purpose  of  this  research  effort  to  develop  a  methodology  that  can  be  used  by 
AFMC/XPM  resource  managers  to  compare  the  competing  manpower  allocation 
strategies  developed  during  a  resource  allocation  exercise. 

Scope 

This  research  does  not  attempt  to  develop  manpower  allocation  alternatives  for 
consideration  by  resource  managers.  Instead,  it  provides  a  methodology  for  comparing 
the  alternatives  generated  during  another  phase  of  the  decision  making  process.  It  is 
assumed  that  the  parameters  of  the  particular  exercise  and  the  constraints  associated  with 
it  would  be  taken  into  consideration  during  the  alternative  development  phase,  and  that 
only  those  alternatives  which  succeeded  in  meeting  exercise  constraints  would  be 
presented  to  this  model. 
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Overview 


Chapter  II  provides  a  review  of  the  literature  pertinent  to  a  decision  making 
approach  called  Value  Focused  Thinking. 

Chapter  HI  presents  detailed  background  for  the  research  conducted,  describing 
AFMC  and  the  process  by  which  its  manpower  directorate,  AFMC/XPM,  develops 
resource  allocation  recommendations. 

Chapter  IV  describes  the  methodology  for  developing  the  value  model  and  presents 
a  description  of  the  model. 

Chapter  V  presents  the  results  of  the  research  and  analysis  of  those  results. 

Chapter  VI  contains  conclusions  drawn  from  the  analysis  in  Chapter  V  and  makes 
recommendations  for  additional  research. 
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II.  Literature  Review 


Introduction 

The  basic  difficulty  underlying  the  AFMC  manpower  decision  making  process  is  one 
of  multiple  conflicting  objectives.  AFMC  has  a  specified  mission  to  accomplish  (refer  to 
Chapter  HI),  and  it  can  be  assumed  that  accomplishment  of  this  mission  with  maximal 
effectiveness  given  available  resources  is  the  primary  goal  of  the  command.  In  actuality, 
the  AFMC  mission  is  comprised  of  many  diverse  functions,  where  the  accomplishment  of 
each  can  be  viewed  as  a  fundamental  objective  of  the  command.  When  AFMC  is  forced  to 
make  changes  to  existing  command  manpower  resource  levels  to  achieve  mandated 
manpower  endstrengths  or  meet  budgetary  constraints,  the  level  of  maximal  AFMC 
mission  effectiveness  is  bound  to  change,  as  will  the  level  of  attainment  of  each 
fundamental  objective.  If  it  is  assumed  that  allocation  of  manpower  toward  a  particular 
fundamental  objective  prohibits  its  use  toward  another  objective,  then  necessarily  the 
fundamental  objectives  will  conflict.  Since  feasible  manpower  allocation  alternatives  do 
not  allow  high  achievement  of  conflicting  fundamental  objectives  simultaneously,  decisions 
made  in  allocating  manpower  resources  to  meet  new  constraints  must  consider  the 
importance  of  each  fundamental  objective  in  light  of  the  primary  command  goal  (3:431). 

Many  decision  analysis  techniques  deal  with  the  comparison  of  alternatives  in 
making  decisions  with  multiple  conflicting  objectives.  One  such  methodology  is 
particularly  useful  for  making  resource  decisions  because  it  focuses,  not  on  the  possible 
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alternatives,  but  on  the  values  of  the  decision  makers.  Developed  by  prominent  decision 
analyst  Ralph  Keeney,  it  is  called  Value-Focused  Thinking  (8). 

Value-Focused  Thinking 

Value-Focused  Thinking  (VFT)  is  a  straightforward  way  of  dealing  with  conflicting 
objectives.  Many  typical  decisions  are  made  by  decision  makers  taking  stock  of  the 
available  alternatives,  assessing  the  pros  and  cons  of  each,  and  choosing  the  one  that 
seems  to  result  in  the  best  trade-off  among  objectives.  VFT  takes  a  different  approach.  It 
stresses  the  importance  of  the  objectives,  instead  of  the  alternatives,  as  it  is  the  attainment 
of  them  that  provides  value  to  the  decision  maker.  The  primary  goal  is  viewed  as  the 
combined  achievement  of  some  set  of  fundamental  objectives.  Each  fundamental  objective 
is  broken  into  subobjectives,  which  in  turn,  are  broken  into  sub-subobjectives  until  a 
complete  model  of  the  decision  maker’s  objective  hierarchy,  called  a  value  model,  is 
created  (8:77-87,  130-132). 

Development  of  Value  Models  and  Value  Functions 

Once  a  value  model  has  been  created,  it  can  be  represented  by  a  mathematical  value 
function,  the  purpose  for  which  is  the  calculation  of  an  overall  value  score  for  any  decision 
alternative.  Basically,  value  scores  are  calculated  for  each  objective,  weighted  according 
to  the  relative  importance  of  the  various  objectives,  and  summed’  (3:431). 


'  Value  functions  are  found  in  decision  analysis  literature  under  many  names.  Keeney  and  Raiffa  provide 
a  complete  list,  including  preference  functions  and  utility  functions  (7:68). 
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There  are  several  steps  in  the  formulation  of  a  value  function.  The  first  step  in  the 
process,  the  determination  of  relevant  objectives  for  building  the  value  model  objective 
hierarchy,  has  already  been  discussed.  The  next  step  involves  measurement  of  the 
performance  of  competing  alternatives  in  meeting  the  established  value  model  objectives 
(3:431).  This  is  accomplished  through  the  assignment  of  a  measurable  attribute  to  each  of 
the  lowest-level  objectives  (7:49).  Using  the  assigned  attributes,  each  decision  alternative 
is  scored  on  the  extent  to  which  it  satisfies  the  corresponding  objective. 

The  development  of  appropriate  attributes  and  scoring  methods  is  necessarily 
specific  to  the  task,  or  decision  problem,  at  hand.  In  some  instances,  when  measurable 
attributes  cannot  be  found  for  lower-level  objectives,  it  may  be  necessary  to  depend  on 
subjective  indexes,  proxy  attributes,  or  direct  preference  measurements.^ 

The  final  step  in  the  value  function  development  process  requires  the  establishment 
of  a  weighting  scheme  reflecting  the  relative  importance  of  each  objective  at  each  level  in 
the  hierarchy.  Again,  there  are  numerous  ways  of  approaching  this  task.  Subjective 
assessment  of  each  objective’s  importance  by  decision  makers  is  one  possibility.  Another 
method  utilizes  revealed  preferences,  where  a  decision  maker’s  past  actions  and  decisions 
are  studied  to  derive  a  preference  structure  for  current  objectives.  This  technique  is 
dependent  on  the  assumption  that  a  decision  maker’s  choices  in  the  past  were  directed 
towards  achieving  optimal  solutions  (7:18). 


^  Keeney  and  Raiffa  provide  a  detailed  discussion  of  these  techniques  (7:55-62). 
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Additive  Value  Function  Assumptions 


If  the  objectives  in  the  value  model  hierarchy  interact  in  any  way  (e.g.,  achievement 
in  one  area  is  dependent  on  achievement  in  another  area,  achievement  in  one  area 
substitutes  for  failure  in  another  area,  achievement  in  one  area  grows  synergisticaUy  with 
achievement  in  another  area),  the  value  model  and  its  associated  mathematical  function 
can  be  very  complex.  Yet,  a  very  simple  value  function  form,  associated  with  an  additive 
value  model,  can  be  appropriate  for  many  decision  contexts  if  some  basic  assumptions  are 
met  (7:80).  The  following  independence  conditions  must  be  satisfied  for  an  additive  value 
function  to  give  an  appropriate  representation  of  the  problem: 

1.  mutual  preferential  independence, 

2.  mutual  utility  independence,  and 

3.  additive  independence. 

Preferential  independence  exists  between  attributes  when  preferences  for  sure  outcomes  in 
one  attribute  do  not  depend  on  the  level  of  other  attributes.^  The  stricter  condition  of 
utility  independence  requires  that  preferences  for  gambles  in  one  attribute  do  not  depend 
on  the  other  attribute  levels.  Additive  independence  is  an  even  stronger  requirement, 
where  preferences  over  lotteries  in  one  attribute  must  not  depend  on  lotteries  in  other 
attributes'*  (3:492).  A  consistency  check  for  the  use  of  an  additive  value  function  is  that 
weights  assigned  across  a  set  of  subobjectives,  reflecting  the  relative  importance  of  those 
objectives,  sum  to  one. 


^  For  mutuality,  the  relationship  must  hold  in  both  directions. 

*  A  detailed  description  is  given,  along  with  examples  and  assessment  strategies,  of  each  independence 
condition  (3:477-484). 
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III.  Background 


AFMC  Manpower  Structure 

In  1991,  two  Air  Force  major  commands.  Air  Force  Logistics  Command  (AFLC) 

and  Air  Force  Systems  Command  (AFSC)  merged  to  from  Air  Force  Materiel  Command 

(AFMC),  headquartered  at  Wright-Patterson  Air  Force  Base,  Ohio.  The  missions  of  both 

original  commands  were  incorporated  into  a  new  mission,  cited  below: 

Through  the  integrated  management  of  research,  development,  test, 
acquisition,  and  support,  we  advance  and  use  technology  to  acquire  and  sustain 
superior  systems  in  partnership  with  our  customers  and  suppliers.  We  perform 
-  continuous  product  and  process  improvement  throughout  the  life  cycle.  As  an 
integral  part  of  the  Air  Force  War  Fighting  Team,  we  contribute  to  affordable 
combat  superiority,  readiness  and  sustainability  (14). 

The  former  AFSC  commander.  General  Ronald  Yates,  was  given  the  reigns  of  the  newly 

formed  AFMC.  Since  his  assumption  of  command.  General  Yates  has  overseen  several 

reorganizations  and  restructurings  designed  to  better  enable  AFMC  to  use  its  allocated 

resources  and  fulfill  its  mission. 

According  to  the  most  recent  organizational  restructuring  (per  AFMC  Objective 
Blueprint  dated  1  Oct  94),  AFMC  is  responsible  for  managing  and  maintaining  the 
fourteen  Air  Force  Bases  (or  Air  Bases)  where  the  majority  of  its  resources  are  located. 
The  command  is  comprised  of  nineteen  subcommands,  in  addition  to  the  headquarters 
itself.  Among  these  are  the  three  well-known  test  centers  (AEDC,  AFDTC,  and  AFFTC), 
four  product  centers  (ASC,  ESC,  HSC,  SMC),  and  five  air  logistics  centers  (OC-ALC, 
00-ALC,  SA-ALC,  SM-ALC,  WR- ALC.)  The  remainder  is  comprised  of  a  variety  of 
smaller  organizations  such  as  the  AMARC,  AGMC,  etc.  Table  1  contains  a  complete 
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listing  of  AFMC  subcommands.  Subcommands  are  in  turn  divided  into  two-letter 
organizations. 


Table  1.  AFMC  Subcommands 


Arnold  Engineering  Development  Center  (AEDC) 

Air  Force  Development  Test  Center  (AFDTC) 

Air  Force  Flight  Test  Center  (AFFTC) 

Air  Force  Museum  (AFMUSEUM) 

Air  Force  Security  Assistance  Center  (AFS  AC) 

Aerospace  Guidance  and  Metrology  Center  (AGMC) 

Aerospace  Maintenance  and  Regeneration  Center  (AMARC) 

Aeronautical  Systems  Center  (ASC) 

Cataloging  and  Standardization  Center  (CASC) 

Electronic  Systems  Center  (ESC) 

Field  Operating  Agencies  (FOA) 

Headquarters  Air  Force  Materiel  Command  (HQAFMC) 

Human  Systems  Center  (HSC) 

Joint  Logistics  Systems  Center  (JLSC) 

Oklahoma  City  Air  Logistics  Center  (OC-ALC) 

Ogden  Air  Logistics  Center  (00-ALC) 

San  Antonio  Air  Logistics  Center  (SA- ALC) 

Sacramento  Air  Logistics  Center  (SM-ALC) 

Space  and  Missile  Systems  Center  (SMC) 

Warner  Robins  Air  Logistics  Center  (WR-ALC) 

At  first  look,  these  subcommands  appear  to  be  clearly  divided  by  mission  area  (e.g., 
test,  product  development,  maintenance.)  Indeed,  from  a  resource  allocation  perspective, 
accomplishment  of  the  AFMC  mission,  discussed  previously,  is  divided  into  five  primary 
mission  element  areas,  as  follow: 

1.  Product  Management  (PM), 

2.  Science  and  Technology  (S&T), 

3.  Test  and  Evaluation  (T&E), 

4.  Sustainment  and  Industrial  Operations  (S&IO),  and 
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5.  Base  Operating  Support  (BOS). 

For  the  most  part,  the  mission  of  each  subcommand,  or  center,  falls  directly  under  one  of 
these  mission  element  areas.  There  are,  however,  a  few  exceptions.  The  S&T  mission 
element  area  incorporates  the  missions  of  AFMC’s  four  laboratories,  even  though, 
structurally,  they  belong  to  each  of  the  four  product  centers,  and  the  BOS  mission  element 
area,  by  its  very  nature,  incorporates  any  of  the  AFMC  subcommands  which  depend  on 
one  of  the  AFMC  Air  Force  bases  for  support.  Table  2  depicts  the  relationship  between 
the  centers  and  the  mission  element  areas.^  Each  mission  element  area  is  overseen  by  a 
Mission  Element  Board  (MEB)  which  represents  the  area’s  interests  and  resource 
requirements  to  the  command. 


Table  2.  Relationship  Between  MEBs  and  AFMC  Center  Missions 


PM 

S&T 

T&E 

S&IO 

BOS 

ASC 

ESC 

HSC 

SMC 

ARMSTRONG  LAB 
PHILLIPS  LAB 
ROME  LAB 
WRIGHT  LAB 

AEDC 

AFDTC 

AFFTC 

OC-ALC 

00-ALC 

SA-ALC 

SM-ALC 

WR-ALC 

AEDC 

AFDTC 

AFFTC 

AFMUSEUM 

AFSAC 

AGMC 

ASC 

CASC 

ESC 

FOA 

HQAFMC 

HSC 

OC-ALC 

OO-ALC 

SA-ALC 

SM-ALC 

SMC 

WR-ALC 

^  For  the  purpose  of  this  research,  AFMC’s  laboratories  are  treated  as  centers,  even  though  they  do  not 
bear  a  center  designation. 
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Although  the  MEB  structure  provides  clear  definition  for  certain  types  of  resource 
allocation,  difficulties  begin  to  arise  when  this  command  structure  is  viewed  with  a  focus 
on  manpower  allocation.  Although  the  majority  of  manpower  authorizations  at  each 
subcommand  fall  under  its  primary  mission  area,  each  subcommand  can  own  positions  that 
fall  in  each  of  the  other  areas.  This  is  due  to  the  fact  that  manpower  positions  are 
managed,  not  according  to  the  command’s  organizational  structure,  but  by  program 
element  code,  or  PEC.  PECs  are  the  funding  codes  that  tie  manpower  authorizations  to 
Air  Force  (DOD)  program  dollars.  It  is  the  AFMC  PECs  that  are  divided  into  mission 
element  areas  for  MEB  management;  thus,  manpower  authorizations  must  be  managed 
and  assigned  by  MEB,  also.  Since  a  single  subcommand  can  be  involved  with  work  on 
many  funded  program  elements,  it  is  often  the  case  that  it  ends  up  with  manpower 
resources  belonging  to  different  MEBs. 

Making  matters  even  more  complex,  manpower  positions  can  be  viewed  and 
managed  for  some  purposes  from  yet  another  orientation,  that  is,  by  functional  account 
code,  or  FAC.  Some  examples  of  AFMC  functional  areas  are  logistics,  engineering,  and 
contracting.  It  is  easy  to  see  that  AFMC,  from  a  manpower  standpoint,  is  not  so  neatly 
defined  as  may  be  thought  at  first  glance. 

AFMC  Manpower  Data 

Currently,  AFMC/XPM  is  responsible  for  over  150,000  manpower  authorizations. 
Managing  all  of  these  resources  requires  a  tracking  system  that  provides  insight  into 
manpower  allocation  by  the  previously  discussed  organizational  structure,  mission  areas, 
and  program  element  codes  (PECs)  as  well  as  many  other  factors.  The  Command 
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Manpower  Database,  or  CMDB,  is  the  tool  that  is  used.  This  database,  which  is  updated 
quarterly,  contains  a  record  for  every  AFMC  authorization.  It  contains  information  on 
existing  command  manpower  authorizations  as  weU  as  projections  for  resource  levels 
several  years  into  the  future.  Thirty  data  fields  for  each  record  provide  access  to  required 
information  pertaining  to  a  particular  authorization. 

The  information  contained  in  the  CMDB  is  used  by  AFMC/XPM  for  an  entire  realm 
of  manpower  actions  and  decisions.  Only  a  subset  of  this  information  is  required  for 
making  the  decisions  involved  in  a  mandated  manpower  allocation  exercise.  Therefore, 
the  fields  utilized  in  this  research  are  limited  to  the  following:  Mission  Element  Board 
(MEB),  subcommand,  laboratory  name,  organizational  structure  code  (two-letter 
organization),  base  location  name,  functional  account  code  (FAC),  program  element  code 
(PEC),  and  current  year  authorization. 

Manpower  Allocation  Process 

Major  manpower  allocation  decisions  are  made  at  the  command  level  (i.e.,  AFMC) 
in  response  to  mandate  by  senior  Air  Force  leadership,  as  well  as  to  needs  identified  within 
the  AFMC  command  structure.  As  the  command’s  Organization  and  Manpower 
Directorate,  AFMC/XPM  is  responsible  for  conducting  manpower  allocation  exercises  to 
support  the  command’s  decision  making  process.  The  goal  is  identification  of  potential 
solution  alternatives  for  recommendation  to  senior  leadership.  Although  this  responsibility 
lies  with  XPM,  the  manpower  resources  are  “owned”  by  the  center  and  organization 
commanders.  Their  involvement  in  manpower  allocation  exercises  and  subsequent 
decision  making  efforts  is  facilitated  through  the  five  Mission  Element  Boards  (MEBs), 
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the  chairpersons  of  which  forward  their  interests  and  resource  requirements  to  the 
command  senior  leadership.  Since  each  MEB  is  comprised  of  all  subcommand  (center) 
commanders  with  resources  in  that  mission  element  area,  it  is  chaired  by  the  two-letter 
organization  at  the  HQ  AFMC  level  that  is  appropriately  related  to  that  mission  area. 
Thus,  the  MEB  chairpersons  form  the  link  between  the  organizational  structure  of  the 
command  and  the  superimposed  mission  element  structure  by  which  resources  are 
managed.  The  relationships  between  HQ  AFMC  two-letter  commanders  and  the  five 
MEBs  are  depicted  in  Table  3. 


Table  3.  Relationship  Between  HQ  AFMC  1 

wo-letter  Commanders  and  MEBs 

HO  AFMC  Two-letter  Commander 

Chairs  MEB 

XR 

PM 

ST 

S&T 

DO 

T&E 

LG 

S&IO 

CE 

BOS 

The  process  by  which  AFMC/XPM  conducts  a  major  manpower  allocation  exercise 
begins  with  a  Resource  Allocation  -  In  Process  Team  (RA-IPT)  being  formed  to  ensure 
that  all  interested  parties  are  involved.  Although  the  five  MEB  chairpersons,  or  “chiefs”, 
function  as  the  RA-IPT’s  sole  voting  members,  attendance  and  input  from  the  remaining 
HQ  AFMC  two-letter  organizations  is  welcome.  AFMC/XPM  presents  the  requirements 
of  a  particular  exercise  to  the  RA-IPT  members.  They  work  together  to  generate  viable 
manpower  allocation  alternatives  for  evaluation  by  command  leadership,  attempting  to 
balance  the  needs  of  each  of  the  RA-IPT’s  voting  members  and  the  MEBs  they  represent 
while  meeting  the  constraints  presented  by  the  particular  exercise.  An  iterative  process 
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continues  with  XPM  formulating  explicit  numerical  solutions  to  represent  the  more 
general  decisions  made  during  RA-BPT  meetings  and  presenting  them  back  to  the  RA-IPT 
for  acceptance.  This  loop  is  often  repeated  several  times,  requiring  an  extensive 
expenditure  of  time  and  effort  by  the  XPM  resource  managers. 

One  of  the  reasons  this  process  is  so  time  and  effort  consuming  is  that  within  the 
framework  of  any  manpower  allocation  exercise,  the  requirements  and  constraints  to  be 
taken  into  consideration  can  be  very  involved.  For  instance,  a  manpower  adjustment 
target  may  come  down  from  Air  Staff  in  the  form  of  a  monetary  value  or  in  the  form  of  a 
manpower  endstrength  to  be  reached  by  some  fiscal  year  point.  The  particular  programs 
affected  may  or  may  not  be  specified.  Sometimes  only  specific  manpower  categories  (i.e., 
officer/enlisted/civilian)  or  types  of  organizations  (e.g.,  those  with  DMBA  funds)  are 
targeted.  Organizations  may  be  fenced,  or  removed  from  consideration,  even  though  their 
resources  match  the  requirements  of  the  exercise  in  every  way.  The  complicated 
constraint  framework  and  lengthy  RA-IPT  process  has  frustrated  XPM  resource  managers 
for  years.  A  frequent  fallback  position,  simplifying  the  situation,  has  been  a  peanut  butter 
spread  allocation  across  all  viable  organizations.^  Yet,  intuition  postulates  that  this  is  not 
near  an  ideal  solution  where  the  logical  goal  is  attainment  of  optimal  command 
performance  with  a  given  set  of  manpower  resources.  Thus,  although  this  and  other  XPM 
alternatives  have  been  accepted  by  the  RA-IPT  and  implemented  by  command  decision 
makers,  there  is  a  feeling  that  with  added  insight,  XPM  resource  managers  could  find  and 
present  better  solutions. 


*  AFMC/XPM  refers  to  an  equal  percentage  allocation  across  all  organizations  as  a  peanut  butter  spread. 
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Model  Context 


Any  modeling  tool  developed  for  providing  assistance  to  AFMC/XPM  during  a 
manpower  allocation  exercise  should  focus  on  the  following: 

1.  Simplifying  the  framework  of  requirements  and  constraints  to  be  handled, 

2.  Shortening/automating  the  lengthy  RA-IPT  process,  and 

3.  Providing  insight  into  the  relationship  between  AFMC  manpower  resources  and 
the  command’s  ability  to  perform  its  mission. 

The  former  parts  of  this  problem  are  addressed  by  another  research  effort.’  The  third  goal 
above  is  the  focus  of  this  research  effort  and  the  associated  model. 


’  A  study  is  currently  being  done  to  automate  the  reduction  of  manpower  authorizations  considered  during 
the  RA-IPT  process  to  meet  the  constraints  and  parameters  of  a  particular  allocation  exercise  (2). 
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IV.  Methodology 


Value  Model  Development  and  Description 

This  research  effort  uses  a  Value  Focused  Thinking  (VFT)  approach  because  of  its 
ability  to  model  overall  AFMC  command  mission  effectiveness  as  a  function  of  the  mission 
effectiveness  of  the  command’s  smaller  organizations.  The  value  model  can  be  depicted  as 
a  tree  hierarchy  representing  a  fundamental  objective  repeatedly  divided  into  subobjectives 
until  quantifiable  attributes  are  reached  at  the  lowest  tier.  This  tree  representation  allows 
insight  into  the  role  each  element  of  the  hierarchy  plays  in  contributing  to  the  overall 
objective;  in  this  case,  overall  AFMC  mission  effectiveness.  The  complete  value  model 
developed  for  this  study  is  presented  in  Appendix  A. 

TIER  I.  The  top  tier,  or  Tier  I,  of  the  value  model  represents  the  entire  AFMC 
command,  whose  optimal  mission  effectiveness  in  the  face  of  constrained  resources  is  the 
fundamental  objective  to  be  captured.  If  the  concept  of  overall  command  effectiveness  as 
related  to  manpower  allocation  were  easily  quantifiable  at  this  level,  the  value  tree 
representation  could  be  terminated  at  the  top  tier.  Command  level  decision  makers  could 
calculate  the  impact  of  all  manpower  allocation  alternatives  and  choose  the  best  one.  Yet, 
it  has  already  been  determined  that  this  is  not  the  case.  Command  decision  makers  do  not 
simply  hand  down  guidance  for  manpower  allocation  each  time  a  resource  change  is 
mandated.  Instead,  they  require  the  time  and  effort  intensive  insight  into  the  decision 
making  process  that  is  provided  through  AFMC/XPM  and  the  RA-IPT  conducting  a 
manpower  allocation  exercise.  Thus,  another  tier  in  the  value  model  hierarchy  is  required. 


17 


TIER  II.  The  choice  of  a  breakdown  strategy  to  be  employed  at  Tier  n  appears 


straightforward.  Since  the  AFMC/XPM  manpower  allocation  exercise  process  is 
undertaken  with  a  viewpoint  of  the  command  and  its  resource  requirements  by  mission 
element  area,  the  division  of  AFMC  in  the  value  model  by  MEB  is  an  ideal  choice.  The 
ensuing  value  model  tier  represents  five  subobjectives,  each  of  which  is  the  attainment  of 
optimal  MEB  mission  effectiveness  in  the  face  of  constrained  resources. 

At  this  point,  it  is  again  important  to  consider  whether  or  not  the  relationship 
between  manpower  and  achievement  of  these  subobjectives  is  easily  quantifiable.  If  it 
were,  MEB  chiefs  could  easily  assess  the  impacts  of  manpower  changes  on  the  abilities  of 
the  center  and  organizations  they  represent  to  sustain  their  respective  missions.  Resulting 
assessments,  summed  across  the  five  MEBs  and  weighted  relative  to  each  MEB’s 
importance  to  the  command,  would  represent  overall  command  effectiveness.  There 
would  be  no  need  to  model  further;  but  again,  this  is  not  the  case.  As  mentioned  in 
Chapter  III,  each  MEB  represents  multiple  subcommands.  With  the  enormous  variety  of 
mission  functions  performed  by  each  subcommand,  there  is  little  chance  that  a  single  MEB 
chief  could  have  the  insight  required  to  successfully  evaluate  manpower  allocation 
alternatives;  thus,  it  is  necessary  to  continue  developing  the  model  to  a  level  where 
quantification  of  the  relationship  between  manpower  allocation  and  mission  effectiveness 
is  achievable. 

TIER  ITT.  A  strategy  for  further  division  of  the  MEBs  is  not  quite  as  obvious  as  the 
one  presented  at  the  previous  tier.  However,  recalling  that  each  MEB  is  comprised  of  the 
primary  subcommand,  or  center,  commanders  whose  resources  fall  in  that  mission  element 
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area,  an  appropriate  choice  for  a  Tier  in  division  would  seem  to  be  each  of  the  centers 
employing  MEB  resources.  Although  most  of  the  resources  in  an  MEB  are  assigned  to 
one  of  its  primary  centers  (refer  to  Table  1),  due  to  the  complexity  of  the  MEB  structure, 
some  MEB  resources  fall  outside  those  centers.  In  addition,  some  centers  are  primary 
resource  owners  in  more  than  one  MEB,  typically  BOS  and  one  other  MEB.  This  does 
not  pose  a  problem  as  long  as  the  model  is  carefully  set  up  to  distinguish  between 
manpower  authorizations  that  belong  in  each  MEB  and  not  duplicate  them.  Within  each 
MEB,  resources  not  captured  by  one  of  the  primary  Tier  III  centers  are  combined  and 
evaluated  as  a  single  additional  center.  (Refer  to  the  next  section  for  assumptions  and 
simplifications.) 

Following  the  model  pattern  established  by  the  existing  tiers,  it  is  possible  to 
characterize  the  value  of  Tier  HI,  again,  as  a  series  of  subobjectives,  each  one  being  a 
center’s  mission  effectiveness  in  the  face  of  constrained  resources.  The  first  three  tiers  of 
the  value  model  are  shown  in  Figure  1. 
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Figure  1.  Upper  Tiers  of  the  Value  Model 
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Once  again,  it  is  advantageous  to  consider  whether  or  not  further  breakdown  of  the 
value  tree  is  necessary,  or  if  quantification  of  the  relationship  between  manpower 
allocation  and  mission  effectiveness  is  possible  at  this  level.  The  problem  with 
quantification  at  this  tier  is  that  centers,  although  more  narrowly  focused  than  MEBs  or 
major  commands,  still  encompass  many  smaller  organizations  whose  missions  span  a 
variety  of  programmatic  and  functional  areas.  Further  breakdown  into  units  with  unique, 
narrowly  directed  missions  that  provide  access  to  performance  measurement  is  required. 

TIER  IV.  Recalling  earlier  discussion,  several  potential  choices  for  the  division  of 
Tier  HI  centers  are  apparent,  including  breakdown  by  functional  account  code  (FAC), 
program  element  code  (PEC)  and  structural  organization  (two-letter).  The  following  are 
the  requirements  considered  in  the  selection  of  a  Tier  IV  breakdown  strategy. 

1.  There  exists,  conceptually,  some  appropriate  measure  of  effectiveness  (MOE),  or 
metric,  for  explicitly  assessing  the  impact  of  a  manpower  change  on  mission  effectiveness 
for  each  Tier  TV  unit. 

2.  There  exists,  realistically,  the  available  data  or  subjective  insight  required  for 
utilization  of  the  selected  MOE. 

3.  Mutually  exclusive  and  collectively  exhaustive  incorporation  of  all  AFMC 
manpower  assets  is  feasible  at  Tier  IV  using  this  breakdown  scheme. 

After  in-depth  evaluation  of  the  ability  of  each  potential  breakdown  scheme  to  meet  these 
requirements.  Tier  IV  breakdown  by  organizational  structure,  (two-letter  organization), 
was  selected  as  the  most  viable  approach. 
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In  general,  the  FAC  code  alternative  fell  short  of  meeting  the  first  two  requirements. 
Functional  accounts,  of  which  there  are  1,317  in  AFMC,  identify  “homogeneous 
groupings  of  tasks”  (14).  They  are  inherently  detailed  and  explicit,  providing  insight  into 
the  types  of  skills  required  by  different  manpower  authorizations.  Basically,  there  are  no 
metrics  for  mission  effectiveness  at  such  a  detailed  level,  and  the  level  of  responsibility  for, 
and  thus  visibility  into,  mission  accomplishment  may  encompass  any  number  and  variety  of 
FAC  codes. 

On  the  other  hand,  with  only  279  program  elements  in  AFMC,  each  seemingly 
possessing  a  tie  to  program  importance  at  the  AF/DOD  budget  level,  PEC  code  seems  an 
ideal  basis  for  Tier  IV  breakdown.  However,  the  PEC  breakdown  alternative  also  falls 
short  on  the  first  two  requirements.  Interviews  with  HQ  AFMC  MEB  focal  points  for 
program  and  organizational  metrics  were  helpful  in  determining  that  metrics  for  mission 
effectiveness,  and  responsibility  for  mission  accomplishment,  do  not  exist  at  the  individual 
PEC  level  (1;  4;  11;  12). 

Although  it  has  none  of  the  inherent  attractiveness  that  functional  or  program  related 
schemes  have,  breakout  by  organizational  structure,  or  two-letter  organization, 
successfully  meets  each  of  the  above  requirements.  Due  to  the  very  nature  of  the  two- 
letter  as  the  fundamental  building  block  of  AFMC’s  organizational  structure,  subjective 
assessment  of  the  impact  of  manpower  changes  on  effectiveness  in  performing  a  unique 
and  narrowly  scoped  mission  is  attainable,  if  from  none  other  than  the  two-letter 
organization’s  commander/director.  In  addition,  the  model  for  the  Tier  IV  breakdown  as 
a  mutually  exclusive  and  collectively  exhaustive  set  already  exists  as  the  command’s 
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organizational  structure.  However,  since  inclusion  of  AFMC’s  741  total  two-letter 
organizations  would  require  excessive  data  collection  from  busy  organization 
commanders,  Tier  FV  will  be  handled  in  a  similar  manner  to  Tier  HI.  Only  the  two-letter 
organizations  employing  the  majority  of  the  manpower  resources  in  each  center  are 
modeled  explicitly.  The  other  two-letter  organizations  at  each  center  are  combined  and 
incorporated  as  a  single  two-letter  organization,  resulting  in  a  total  of  268  Tier  IV 
organizations. 

Model  Assumptions  and  Simplifications 

It  is  necessary  to  make  certain  assumptions  and  simplifications  in  order  to  complete 
the  development  of  the  value  model.  They  are  as  follows: 

1.  Model  outcomes  are  based  on  organizational  manpower  totals  including  officer, 
enlisted,  civilian,  and  contracted  military  equivalent  (CME)  authorizations.  Although 
CME  positions  are  untouchable  during  a  manpower  resource  allocation  exercise,  they 
reflect  an  existing  level  of  effort  being  applied  toward  organizational  mission 
accomplishment,  and  thus  are  considered  in  establishing  weights  and  determining  current 
manpower  levels. 

2.  The  HQAFMC  subcommand  is  excluded  from  this  study  ,  since  manpower 
resource  allocation  to  the  headquarters  is  not  controlled  by  the  RA-IPT  process  at  which 
this  research  is  directed. 


*  HQ  AFMC  resources  are  only  1.23%  of  total  AFMC  manpower  resources. 
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3.  It  is  not  necessaiy  to  explicitly  model  every  organization  at  every  tier.  As  long  as 
the  majority  of  organizations  with  large  numbers  of  manpower  resources  are  modeled 
explicitly,  the  remaining  small  organizations  can  be  grouped  as  an  individual  unit  without 
loss  of  insight 

4.  An  additive  value  function  is  used  to  mathematically  represent  the  value  model 
since  the  required  assumptions  of  preferential,  utility,  and  additive  independence  appear  to 
make  good  sense.  Specifically,  for  any  modeled  organization,  a  large  allocation  of 
manpower  should  be  preferred  to  a  small  one,  regardless  of  the  manpower  allocation 
levels  in  other  organizations. 

5.  As  discussed  in  Chapter  n,  typical  value  model  applications  rely  on  a  two-step 
process  for  quantification  of  values  at  the  bottom  tier  of  the  model  (i.e.,  assigning  a 
quantifiable  attribute  to  each  two-letter  and  then  measuring  the  organization’s 
performance  against  it  for  any  allocation  alternative.)  In  lieu  of  this,  the  ability  of  each 
organization  to  perform  its  mission  based  on  allocated  manpower  is  captured  directly  by 
subjective  assessment. 

6.  Data  collected  from  the  field  relies  on  an  implicit  understanding  of  the  concept  of 
100%  mission  effectiveness  as  a  level  of  accomplishment  coincident  with  an  appropriate 
quality  of  performance  (e.g.,  no  excessive  backlog  is  created;  nor  is  the  level  of  service 
above  what  is  actually  required.)  It  also  requires  an  understanding  that  manpower 
resource  levels  identified  as  being  able  to  achieve  a  certain  level  of  mission  effectiveness 
should  be  those  that  can  sustain  that  level  of  effectiveness  for  an  indefinite  period  of  time. 
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Tier  FV  Value  Quantification 


The  purpose  in  constructing  the  value  model  hierarchy  is  to  enable  XPM  resource 
managers  to  gain  insight  into  the  “unquantifiable”  AFMC  command  (Tier  I)  mission 
effectiveness  in  terms  of  “quantifiable”  two-letter  organization  (Tier  IV)  mission 
effectiveness.  Thus,  it  is  necessary  to  develop  a  measure  of  the  value  that  each  Tier  IV 
organization  provides.  This  can  be  accomplished  for  each  using  a  scoring  function,  which 
essentially  maps  the  manpower  level  attributed  to  a  two-letter  organization  (by  an 
allocation  alternative)  to  a  mission  effectiveness  value,  based  on  the  relationship  of 
manpower  and  mission  effectiveness  in  that  two-letter. 

Scoring  Functions.  The  scoring  functions  used  in  this  research  to  relate  two-letter 
organization  manpower  level  to  mission  effectiveness  are  of  the  following  four  types: 
linear,  concave,  convex,  and  S-curve.  Figure  2  demonstrates  the  shape  of  each  of  these 
functions. 


Figure  2.  Sample  Scoring  Functions 
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A  convex  scoring  function  is  used  to  model  value  for  organizations  that  experience 
major  improvements  in  effectiveness  for  minor  increases  in  manpower  when  manpower 
levels  are  close  to  optimal  (i.e.,  at  the  top  of  the  curve.)  At  the  opposite  extreme,  a 
concave  function  is  used  to  model  value  for  organizations  that  experience  minor 
improvements  in  effectiveness  for  major  increases  in  manpower  when  manpower  levels  are 
close  to  optimal.  A  linear  scoring  function  represents  an  equivalent  percentage  change  in 
effectiveness  per  change  in  manpower,  regardless  of  the  manpower  level.  The  S-curve 
combines  each  of  the  previous  functions  at  different  points  (i.e.,  convex  for  low  manpower 
levels,  concave  for  high  manpower  levels,  and  linear  in  between.)  As  an  example,  the  S- 
curve  would  be  appropriate  for  modeling  the  value  of  an  organization  that  requires  a  fair 
manpower  allocation  for  any  effectiveness  to  occur  but  receives  diminishing  returns  in 
effectiveness  for  manpower  increases  at  high  manpower  levels. 

In  order  to  determine  which  of  the  above  types  of  curves  is  appropriate  for  each  Tier 
rv  two-letter  and  to  derive  the  specific  parameters  of  the  scoring  functions  for  each,  it  is 
necessary  to  capture  the  relationship  that  exists  between  manpower  and  mission 
effectiveness  in  each  two-letter  organization.  Appropriately,  the  Tier  IV  breakdown 
methodology  was  chosen  primarily  due  to  the  availability  of  subjective  insight  into  this 
relationship.  A  mission  effectiveness  survey  was  developed  as  a  tool  for  gaining  the 
required  information  directly  from  each  two-letter  organization  commander/director. 
Assistance  from  AFMC/XPM’s  modeling  support  team  was  sought  in  developing 
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appropriate  survey  questions.  (5;  6;  13;  14)  The  resulting  mission  effectiveness  survey 
and  the  survey  responses  collected  are  included  as  Appendices  B  and  C.^ 

After  the  survey  data  was  collected,  a  mathematical  applications  package  was  used 
to  derive  appropriately  shaped  polynomial  curves  or  piecewise  linear  functions  as  scoring 
functions  for  each  Tier  IV  organization.’”  Lower  and  upper  bounds  exist  for  each 
organization’s  scoring  function.  The  lower  bound  occurs  at  the  level  of  manpower  below 
which  the  organization  is  effectively  broken.  The  upper  bound  is  the  manpower  level  at 
which  100%  mission  effectiveness  is  attained.  Manpower  allocations  outside  these  bounds 
result  in  scores  of  0  and  100,  respectively.  Coefficients  and  bounds  for  each  scoring 
function  are  shown  in  Appendix  D. 

Since  scoring  functions  could  only  be  assessed  directly  from  the  data  for  Tier  IV 
two-letters  who  returned  mission  effectiveness  surveys,  alternative  ways  of  developing 
scoring  functions  had  to  be  developed  for  the  remaining  organizations.  Development 
methodologies  fall  into  the  following  four  categories: 

1.  Category  1  consists  of  two-letter  organizations  modeled  explicitly  at  Tier  IV,  for 
which  data  was  attainable.  Scoring  functions  were  developed  directly  from  the 
collected  data. 

2.  Category  2  consists  of  two-letter  organizations  modeled  explicitly  at  Tier  IV,  for 
which  data  was  unattainable.  Scoring  functions  for  these  two-letters  were  patterned 
after  those  of  category  1  organizations  with  similar  organizational  functions. 

®  Survey  responses  were  obtained  indirectly  from  two-letter  commanders/directors  by  AFMC/XPM 
mission  element  area  liaisons. 

Mathcad®  4.0  (9). 
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3.  Category  3  represents  the  two-letter  organizations  combined  and  modeled  as 
single  organizations  within  each  center.  Scoring  functions  were  developed  using 
data  averaged  across  category  1  organizations  in  the  respective  center. 

4.  Category  4  represents  the  centers  combined  and  modeled  as  single  organizations 
within  each  MEB.  These  scoring  functions  were  developed  using  data  averaged 
across  category  1  organizations  in  the  respective  MEB. 

Table  4  and  Figure  3  show  the  percentage  of  AFMC  resources  that  fall  into  each  of  the 
four  categories. 


Table  4.  Resources  by  Scoring  Function  Development  Category 
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TE 
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Figure  3.  Resources  by  Scoring  Function  Development  Category 
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Value  Model  Weights 


As  discussed  in  Chapter  n,  the  final  step  in  the  value  function  development  process 
is  the  establishment  of  a  weighting  scheme  that  reflects  the  relative  importance  of  each 
objective  at  each  tier  in  the  hierarchy.  Since  computation  of  the  overall  value  to  AFMC  of 
a  particular  manpower  allocation  strategy  relies  on  the  weighting  factors  used,  it  is 
important  that  the  selection  of  weights  be  given  careful  thought.  Recall  that  Tiers  n 
through  rV  of  the  model  hierarchy  represent  subobjectives,  and  that  achievement  of  any 
subobjective  contributes  to  the  achievement  of  its  parent  objective  at  the  tier  above.  When 
it  seems  plausible  that  all  subobjectives  do  not  provide  equal  contributions  to  the  objective 
above  them,  it  is  necessary  to  adjust  weights  to  relate  the  importance  of  each’s 
contribution.  If,  on  the  other  hand,  all  subobjectives  seem  to  carry  equal  significance,  then 
weights  should  be  held  equivalent  for  respective  organizations. 

For  the  purposes  of  this  research  (i.e.,  in  order  to  retain  the  most  flexibility  for  XPM 
resource  managers  and  the  RA-IPT  participants  in  utilizing  this  value  model),  a  fixed 
weighting  scheme  will  not  be  established.  Rather,  weights  will  be  treated  as  model  inputs, 
and  the  impacts  of  different  schemes  will  be  evaluated.  The  determination  of  model  input 
weights  can  be  performed  subjectively  by  XPM  resource  managers  or  RA-IPT  members. 
Guidance  from  command  decision  makers  about  the  importance  of  MEBs,  programs,  or 
organizations  should  provide  a  foundation  for  establishing  weights.  In  the  case  that  model 
users  do  not  have  an  appropriate  feel  for  model  weights,  an  assessment  using  revealed 
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preferences  can  be  performed/^.  The  only  restriction,  imposed  by  the  use  of  the  additive 
value  function,  is  that  the  subobjective  weights  beneath  any  objective  must  be  positive  and 
sum  to  one. 


Mathematical  Value  Model 

Once  the  framework  of  the  value  model  is  complete,  an  associated  mathematical 
function  can  be  established,  and  an  overall  value,  or  score,  can  be  computed  for  any 
manpower  allocation  alternative.  The  score  calculated  for  any  alternative  represents  the 
mission  effectiveness  obtained  at  the  AFMC  command  level  with  manpower  resources 
accordingly  distributed.  Thus,  competing  strategies,  or  alternatives,  can  be  compared  to 
determine  which  provides  the  highest  overall  value. 

Using  an  additive  value  function,  overall  AFMC  value  is  calculated  as  a  weighted 
sum  of  the  values  at  the  next  tier  in  the  hierarchy,  which  in  turn  are  calculated  as  weighted 
sums  of  the  values  at  the  tiers  below  them.‘^  If  explicit  representation  of  all  AFMC 
organizations  existed  in  the  value  model,  the  resultant  mathematical  function  would  be  as 
shown  in  Equation  (1): 


^  m’  ^  me'  ^  met'^  met  amet) 

m  =  1  c=  1  t=  1  (1) 

where:  a  =  manpower  allocation  alternative,  1<  a  <  n  (n  is  the  number  of 

manpower  allocation  alternatives  generated  during  the  RA-IPT  process) 


”  One  method  of  determining  relative  importance  of  subobjectives  is  by  revealed  preferences.  (Refer  to 
Chapter  II  for  a  discussion  of  revealed  preferences.)  In  this  context,  revealed  preferences  can  be 
determined  by  studying  the  manpower  levels  currently  assigned  to  each  value  model  organization.  The 
manpower  assigned  reflects  the  relative  importance  of  the  mission  of  that  organization,  and  thus  the 
importance  of  its  contribution  to  the  model.  Model  weights  established  in  this  manner  are  included  as 
part  of  the  complete  value  model  shown  in  Appendix  A. 

Refer  to  Chapter  II  for  a  discussion  of  the  additive  value  function  and  its  underlying  assumptions. 
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w’s  =  weighting  factors 

ra  =  mission  element  area,  1  <  m  <  5 

c  =  center,  Cm  =  number  of  centers  with  manpower  resources  in  mission 
element  area  m 

t  =  two-letter  organization,  Tc  =  number  of  two-letter  organizations  in 
center  c 

Umct(xamct)  =  mission  effectiveness  value  of  two-letter  organization  given 
the  manpower  resources  allotted  by  alternative  a 

This  representation  must,  of  course,  be  modified,  since  explicit  representation  of  all 

organizations  at  Tiers  HI  and  IV  was  deemed  unnecessary  for  the  purposes  of  this 

research.  A  more  appropriate  mathematical  function  for  the  value  model  is  presented  in 

Equation  (2): 


C  -1 

T  -1 

5 

m 

c 

^  ^  me* 

^  met*^  met  amet)  me  ame) 

m  =  1 

c=  1 

.t=  1 

_ 

(2) 


where:  ITmCxam)  =  value  of  combination  center,  comprised  of  centers  not  explicitly 

modeled  at  Tier  HI,  given  the  manpower  resources  allotted  by  alternative  a 

ITmcCxamc)  =  value  of  Combination  two-letter  organization,  comprised  of 
two-letter  organizations  not  explicitly  modeled  at  Tier  IV,  given  the 
manpower  resources  allotted  by  alternative  a 

A  computer  spreadsheet  application  is  used  to  compute  the  overall  value  scores,  for  any 
manpower  allocation  alternative.*^ 


Microsoft®  Excel,  Version  5.0  (10). 
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V.  Results 


The  objective  of  this  research  effort  was  to  develop  a  methodology  that  can  be  used 
by  AFMC/XPM  resource  managers  in  comparing  the  competing  manpower  allocation 
strategies  developed  by  the  RA-IPT  during  a  resource  allocation  exercise.  Thus,  in  order 
to  demonstrate  the  capability  of  the  value  model  developed,  it  should  be  used  to  compute 
value  scores  for  manpower  allocation  strategies  for  a  particular  allocation  exercise. 
However,  without  the  specific  parameters  of  a  particular  exercise  at  hand,  (i.e.,  without 
alternatives  developed  to  meet  a  mandated  manpower  increase  or  reduction  target,)  the 
model  is  without  a  vital  input. 

Yet,  it  is  possible,  using  a  few  example  allocation  alternatives,  to  determine  how  the 
model  win  behave.  Several  strategies  can  be  demonstrated  in  choosing  example 
manpower  levels,  providing  additional  insight  into  the  type  of  strategies  that  are  most 
profitable  in  terms  of  achieving  overall  command  effectiveness.  The  following  are  some 
apphcable  strategies: 

1.  Manpower  allocation  alternatives  are  based  on  organizational  mission 
effectiveness.  Each  organization  is  allotted  no  more  than  it  needs  to  improve  to  100% 
mission  effectiveness  (manpower  increases)  and  is  reduced  by  no  more  than  it  can  give  and 
still  function  minimally  (manpower  reductions). 

2.  Changes  in  manpower  allocations  are  taken  as  equal  percentages  of  current 
manpower  levels  across  all  AFMC  organizations,  regardless  of  impact  on  mission 
effectiveness.  This  is  the  aforementioned  peanut  butter  spread  methodology. 
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3.  Organizations  are  allotted  manpower  based  on  their  importance,  reflected  by 
value  model  weights,  or  some  other  subjective  ranking  system. 

The  remainder  of  this  chapter  focuses  on  comparing  the  results  of  example  alternatives 
generated  according  to  these  strategies,  thereby  assessing  their  viability  in  different 
circumstances.  Model  sensitivity  to  input  weights  is  also  considered. 

Current  Manpower  Allocation 

Important  information  can  always  be  gained  by  running  the  model  using  currently 
assigned  manpower  levels  to  represent  one  of  the  allocation  strategies.  The  model 
outcome  resulting  from  the  current  assignment  of  AFMC  manpower  provides  a  measure 
against  which  aU  other  strategies  should  be  compared.  For  instance,  if  a  manpower 
increase  is  mandated,  the  model  output  values  associated  with  all  competing  strategies 
should  be  higher  than  the  value  obtained  with  the  current  manpower  allocation.  The  best 
choice,  assuming  that  maximal  AFMC  mission  effectiveness  is  always  the  primary  goal, 
would  be  the  allocation  strategy  that  results  in  the  largest  magnitude  improvement  over 
the  current  value.  The  same  philosophy  works  for  a  mandated  reduction  in  command 
manpower;  however,  instead  of  looking  for  the  largest  gain  in  value,  the  best  choice  would 
be  the  alternative  resulting  in  the  smallest  value  score  diminishment.  Current  manpower 
levels  are  listed  for  all  Tier  IV  organizations  in  Appendix  E. 

Allocation  Based  on  Mission  Effectiveness 

Recall  that  for  each  Tier  IV  two-letter,  lower  and  upper  bounds  exist  at  the  points 
where  the  organization  effectively  breaks  or  achieves  100%  mission  effectiveness. 
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respectively.  (Lx)wer  and  upper  bound  manpower  levels  are  also  listed  in  Appendix  E.) 
Meaningful  insight  can  be  gained  by  running  the  model  on  allocation  alternatives  in  which 
each  organization  is  provided  with  the  manpower  level  required  to  function  at  each  of 
those  bounds.  Overall  value  model  output  scores  from  these  two  runs  reflect  both  the 
overall  percentage  increase  in  command  manpower  needed  to  raise  aU  organizations  to 
100%  mission  effectiveness,  and  the  overall  percentage  reduction  that  can  be  sustained 
without  breaking  any  organization.  Table  5  shows  value  model  scores  (using  revealed 
preferences  as  a  basis  for  weights)  for  these  two  allocation  alternatives,  as  well  as  for  the 
current  manpower  allocation.  The  percentage  changes  from  overall  current  manpower 
level  associated  with  each  are  included. 


Table  5.  Value  Model  Scores  Using  Revealed  Preference  Weights 


X  auiK/  ^ . 

Manpower  Levd 

Value  Model  Score 

— - - - - - 

Percentage  Change  in  AFMC  Manpower 

Upper  Bound 

100 

10.3%  Increase 

Current 

84.65 

— 

Lower  Bound 

65.3 

21.8%  Decrease 

Similar  information  can  be  obtained  at  any  level  of  the  value  model  hierarchy  simply 
by  analyzing  the  scoring  function  upper  and  lower  manpower  level  bounds  for  the 
organizations  of  interest.  Since  development  of  a  complete  manpower  allocation 
alternative  to  present  to  decision  makers  begins  with  manpower  distribution  at  the  MEB 
level,  insight  into  the  requirements  of  the  MEBs  should  be  helpful.  Table  6  decomposes 
the  information  contained  in  Table  5  by  MEB. 
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Table  6.  Acceptable  AFMC  Percentage  Manpower  Changes  by  MEB 


MEB 

Increase  Required  to  Reach 
100%  Mission  Effectiveness 

Decrease  Sustainable  to 
Prohibit  Organizational  Breakage 

PM 

1.30 

2.42 

S&T 

0.48 

0.92 

T&E 

0.71 

2.95 

S&IO 

5.26 

10.59 

BOS 

2.53 

4.91 

TOTAL 

10.27 

21.79 

Figure  4  demonstrates  graphically  the  percentage  changes  in  AFMC  manpower  that  can  be 
sustained  by  each  MEB. 
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Figure  4.  Acceptable  AFMC  Percentage  Manpower  Changes  by  MEB 


Allocation  Based  on  Equal  Percentages 

XPM  has  successfully  performed  many  previous  resource  allocation  exercises,  and 
although  each  exercise  dealt  with  different  parameters  and  faced  different  constraints, 
some  basic  strategies  were  always  among  those  used  by  the  RA-IPT.  Among  them,  one 
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of  the  most  basic  is  the  peanut  butter  spread,  or  equal  percentage  change  across  all  viable 
AFMC  organizations  (14). 

For  this  research,  model  output  values  were  calculated  for  the  following  four 
alternatives  and  compared  against  the  value  obtained  for  the  current  allocation  of  AFMC 
manpower  resources: 

1.5%  increase  allocated  as  a  peanut  butter  spread  across  all  AFMC  organizations 

2.  5  %  decrease  allocated  as  a  peanut  butter  spread  across  all  AFMC  organizations 

3.  10  %  decrease  allocated  as  a  peanut  butter  spread  across  all  AFMC  organizations 

4.  15  %  decrease  allocated  as  a  peanut  butter  spread  across  all  AFMC  organizations 
The  manpower  levels  associated  with  each  allocation  alternative,  for  all  Tier  IV 
organizations,  are  included  in  Appendix  E.  The  model  output  scores,  using  model  weights 
based  on  revealed  preferences,  are  plotted,  along  with  the  scores  generated  in  the  previous 
section,  in  Figure  5. 
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Figure  5.  Value  Model  Scores  for  Allocation  Alternatives 
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It  is  immediately  obvious  from  this  graph  that  peanut  butter  spread  cuts  do  not 
provide  the  most  efficient  use  of  constrained  resources  when  the  goal  is  the  best  attainable 
level  of  command  mission  effectiveness.  When  taking  cuts  with  respect  to  organizational 
manpower  requirements  for  achieving  mission  effectiveness,  an  overall  21.8% 
(corresponding  to  a  lower  bound  alternative)  of  command  resources  can  be  taken  without 
breaking  any  organizations,  resulting  in  a  value  score  of  65.30.  This  is  comparable 
damage  to  mission  effectiveness  as  results  from  a  peanut  butter  spread  of  only  10%.  A 
reduction  of  15%  of  command  resources,  when  distributed  using  a  peanut  butter  spread 
reduction,  results  in  an  even  lower  value  score  of  45.94. 

In  addition,  unlike  the  alternatives  produced  by  evaluating  the  exact  needs  of  value 
model  organizations,  percentage  cuts  across  the  command  do  not  ensure  that  all 
organizations  are  able  to  operate  within  appropriate  mission  effectiveness  ranges,  if  at  all. 
Percentage  increases  may  raise  the  manpower  of  some  organizations  beyond  levels 
required  to  reach  100%  mission  effectiveness,  in  effect,  wasting  manpower  that  could  be 
more  efficiently  utilized  by  other  organizations.  Similarly,  percentage  decreases  may 
effectively  break  some  organizations,  while  barely  impacting  others.  This  does  not  imply 
that  such  allocation  alternatives  are  bad  by  design,  as  there  may  be  circumstances  where  it 
is  appropriate  to  let  some  organizations  suffer  to  keep  others  operating  at  desired  levels. 
Figure  6  shows  the  percentage  of  resources  belonging  to  organizations  that  are  no  longer 
able  to  operate  as  percentage  reductions  are  taken  as  peanut  butter  spreads  across  AFMC 
organizations. 
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Figure  6.  Organizations  Broken  Per  Percentage  Manpower  Reduction 

The  X  marked  on  the  Figure  6  axis  shows  the  maximum  percentage  reduction  that  still 
enables  all  command  resources  to  operate,  albeit  at  minimal  effectiveness,  when  allocation 
is  done  according  to  organizational  requirements  rather  than  by  peanut  butter  spread.  A 
dramatically  higher  overall  percentage  of  resources  can  be  lost  with  reductions  taken  in 
accordance  with  organizational  requirements. 

Figure  7  shows  the  percentage  of  resources  belonging  to  organizations  that  are  able 
to  operate  at  100%  mission  effectiveness  as  percentage  increases  are  spread  across  AFMC 
organizations. 
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Figure  7.  Peak  Effectiveness  Gained  Per  Percentage  Manpower  Increase 


The  X  marked  on  Figure  7  shows  the  minimum  percentage  increase  that  enables  all 
command  resources  to  operate,  at  100%  mission  effectiveness,  when  allocation  is  done 
according  to  organizational  requirements  rather  than  by  peanut  butter  spread.  Note  that, 
in  this  case,  it  requires  considerably  fewer  resources  to  operate  at  maximal  command 
effectiveness  when  the  requirements  of  individual  organizations  are  taken  into 
consideration. 


Allocation  Based  on  Organizational  Importance  (Model  Weights) 

As  mentioned  previously,  there  may  be  times  when  it  is  more  valuable  to  AFMC  to 
let  the  missions  of  certain  (less  important)  organizations  suffer  so  that  other  (more 
important)  organizations  may  retain  high  levels  of  mission  effectiveness.  One  feasible 
allocation  alternative  that  fits  this  strategy,  for  manpower  reductions,  is  to  cut  lowest 
priority  organizations  entirely  so  that  others  do  not  have  to  give  up  resources.  The  flip 
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side  of  this  alternative,  for  manpower  increases,  is  to  allocate  resources  to  highest  priority 
organizations  first,  enabling  them  to  achieve  100%  mission  effectiveness  before  allocations 
are  given  to  organizations  with  lower  priorities. 

However,  allocation  alternatives  of  this  type  necessitate  that  an  evaluation  of  an 
organization’s  importance  be  made  in  relation  to  other  organizations.  Recall  that  model 
weights  developed  using  revealed  preferences  reflect  the  relative  importance  of  the 
subobjectives  at  any  model  tier.  Thus,  in  effect,  they  reflect  the  relative  importance  of  the 
organizations.  Rank  ordering  two-letters  by  their  overall  weights  gives  a  prioritized  list  of 
AFMC  organizations. 


□  Peanut  Butter  Spread 

□  by  Organizational 
Inportance 


Manpower  Allocation  Alternatives 


Figure  8.  Comparison  of  Value  Model  Scores 


Figure  8  shows  the  value  scores  attained  when  resources  are  prioritized  by  model  weights, 
for  the  same  overall  percentage  changes  used  in  each  of  the  four  peanut  butter  spread 
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alternatives.  Scores  for  upper  and  lower  bounds  are  not  affected,  since  in  order  to  reach 
either  bound,  manpower  levels  in  every  organization  in  the  ranking  is  impacted  to  the 
greatest  extent  possible.  The  graph  reveals  that  manpower  allocation  alternatives 
generated  with  respect  to  organizational  importance,  as  reflected  by  model  weights, 
outperform  peanut  butter  spread  alternatives  in  achieving  higher  levels  of  AFMC  mission 
effectiveness.  Of  course,  deleting  entire  organizations,  regardless  of  their  priority  ranking, 
may  not  be  suitable,  even  if  it  does  result  in  high  value  model  scores.  Thus,  the 
requirements  of  the  specific  resource  allocation  exercise  must  stUl  come  into  play  during 
the  alternative  generation  process. 

Model  Sensitivity  to  Input  Weights 

It  is  important  to  get  a  feel  for  the  impact  that  different  weighting  schemes  might 
have  on  model  behavior.  Thus  far,  all  value  model  output  scores  have  been  obtained  using 
the  revealed  preference  weights  to  reflect  the  relative  importance  of  organizations.  Insight 
can  be  gained  by  comparing  model  output  scores  using  these  weights  to  output  scores 
using  equal  weights  at  some  or  all  model  tiers.  Previous  scores  obtained  for  current 
manpower  level,  upper  and  lower  manpower  bounds,  and  the  four  peanut  butter  spread 
alternatives  are  replotted  in  Figure  9  along  with  scores  generated  using  equal  subobjective 
weights  at  all  model  tiers. 
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Figure  9.  Comparison  of  Scores  Using  Different  Weighting  Schemes 

The  values  at  the  column  tops  in  Figure  9  are  the  new  scores  computed  with  equal 
weights.  In  general,  the  different  weighting  schemes  do  not  appear  to  have  a  tremendous 
impact  on  the  magnitudes  of  the  model  output  values;  however,  it  is  important  to  analyze 
what  is  driving  the  differences.  Results  like  this  will  be  seen  when  there  is  a  discrepancy  in 
the  mission  effectiveness  levels  of  high  priority  versus  low  priority  organizations.  High 
priority  organizations  with  low  mission  effectiveness  levels  will  have  a  severe  (decreasing) 
impact  on  value  scores  when  revealed  preference  weights  are  used.  When  equal  weights 
are  substituted,  value  scores  will  increase,  since  those  organizations  will  no  longer  be 
weighted  as  heavily.  This  is  the  situation  reflected  in  Figure  9.  Conversly,  if  high  priority 
organizations  have  high  mission  effectiveness  levels  as  compared  to  low  priority 
organizations,  value  scores  using  equal  weights  will  be  lower  than  those  using  revealed 
preference  weights. 
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VI.  Conclusions  and  Recommendations 


This  chapter  discusses  conclusions  based  on  the  results  of  the  analysis  and  makes 
recommendations  for  future  research. 

Conclusions 

The  objective  of  this  research  was  to  develop  a  methodology,  to  be  used  by 
AFMC/XPM  resource  managers  during  the  RA-IPT  process  to  compare  potential 
manpower  allocation  alternatives;  and  in  doing  so,  to  provide  insight  into  allocation 
alternatives  that  might  provide  better  results  than  fallback  peanut  butter  spread  allocation 
methodologies.  It  is  the  conclusion  of  this  research  that  the  value  model  developed  can  be 
successfully  used  for  this  purpose. 

In  addition,  although  allocation  alternatives  to  meet  the  parameters  and  constraints 
of  a  particular  resource  allocation  exercise  were  not  studied,  it  is  possible  to  make  some 
conclusions  about  general  strategies  commonly  used  by  XPM  in  developing  particular 
allocation  alternatives.  In  general,  peanut  butter  spread  allocation  alternatives  do  not 
generate  model  scores  as  high  as  those  of  alternatives  based  on  organization  mission 
effectiveness  (model  scoring  functions)  and  organization  importance  (model  weights). 
However,  it  is  important  to  remember  that  the  framework  of  every  resource  allocation 
exercise  will  differ,  and  it  is  necessary  to  develop  allocation  alternatives  for  comparison 
using  a  strategy  that  meets  the  needs  of  the  particular  exercise  at  hand.  Once  appropriate 
alternatives  have  been  generated,  value  model  output  scores  can  be  compared  to  judge 
which  alternative  provides  best  overall  command  value,  in  terms  of  mission  effectiveness. 
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Recommendations 


The  research  presented  here  has  provided  a  value  model  methodology  for  comparing 
competing  manpower  allocation  alternatives  during  resource  allocation  exercises.  Model 
behavior  for  some  commonly  used  allocation  techniques  has  provided  insight  into  general 
strategies  for  developing  allocation  alternatives. 

However,  there  are  certainly  some  areas  in  which  futiae  research  could  provide 
model  improvements.  The  following  are  some  areas  where  further  work  is  potentially 
beneficial: 

1.  Explicit  model  representation  of  a  larger  percentage,  or  all,  of  the  AFMC 
command  resources. 

2.  Derivation  of  scoring  functions  from  actual  organization  data  for  a  larger 
percentage,  or  all,  of  the  command. 

3.  Analysis  of  the  sensitivity  of  model  outputs  to  the  scoring  functions  used. 

4.  Determination  of  a  timeline  for  updating  data  from  AFMC  organizations  and 
rederiving  scoring  functions. 

5.  Evaluation  of  techniques  for  updating  the  model  when  AFMC  experiences 
changes  in  organizational  structure. 

6.  Generation  of  alternate  weighting  schemes  and  further  analysis  of  model 
sensitivity  to  input  weights. 

7.  Incorporation  of  alternative  generation  methodologies,  including  possible 
generation  of  an  optimal  allocation  alternative. 
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8.  Enhancement  of  the  model’s  overall  score  computation  spreadsheet  into  a  user- 
friendly  application  that  allows  easy  input  of  model  weights  and  manpower  levels  for  all 
alternatives  of  interest 
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Appendix  A.  AFMC  Value  Model 
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Appendix  A.  AFMC  Value  Model 


Hierarchy  with  weights  established  based  on  revealed  preferences 


OVERALL  OBJECTIVE:  AFMC  Mission  Effectiveness 
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Appendix  B:  Mission  Effectiveness  Survey 
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Appendix  C.  Mission  Effectiveness  Survey  Results 
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Appendix  C.  Mission  Effectiveness  Survey  Results 
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Appendix  C.  Mission  Effectivenefis  Survey  Results 
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Appendix  C.  Mission  Effectiveness  Survey  Results 
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Appendix  C.  Mission  Effectiveness  Survey  Results 
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